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Abstract. Statolith morphology and microstructure were studied in two common species of panktonic
cranchiid squids, Belonella borealis [four juveniles with mantle length (ML) 375-450 mm] and Gali-
teuthis phyllura (13 paralarvae and juveniles, ML 9-235 mm), caught near the bottom and in pelagic
layers over the continental slope of Siberia in the northwest Bering Sea. The total number of growth
increments within the statoliths ranged from 277 to 294 in B.borealis and from 10 to 209 in C.phyllura.
Assuming that these increments were produced daily, both species grow rapidly in length (daily growth
rate = 1.13 mm day-') during the first 8-10 months of their juvenile phase in the mesopelagic layers,
prior to migration into deeper waters for maturation.
Statolith ageing techniques have provided a promising alternative to length-fre-
quency analysis in the study of age, growth and population structure of squid. This
technique was first utilized in the late 1970s (Lipinski, 1978; Spratt, 1978; Hurley
and Beck, 1979). The validation of daily growth increments within the squid stato-
lith made ageing techniques even more effective in population analysis (see Jereb
el al, 1991). Most investigations using statoliths have been undertaken on com-
mercially important abundant species of the families Ommastrephidae (Arkhip-
kin, 1990; Rodhouse and Hatfield, 1990; Villanueva, 1992; and others) and
Loliginidae (Natsukari et al., 1988; Jackson and Choat, 1992; and others). How-
ever, for ecosystem studies it is necessary to know biological parameters for non-
commercial or less abundant cephalopods (Arkhipkin and Murzov, 1990; Bigelow,
1992; Jackson and Choat, 1992).
Cranchiids are one of the most unusual groups of pelagic planktonic squids, and
have relatively transparent tissues and large coelomic cavities filled with neutrally
buoyant liquid due to high concentrations of NH,C1 (Clarke et al., 1979). Despite
their high abundance in the oceans (Voss, 1980), data on cranchiid growth remain
scarce (Nixon, 1983). Up to now, statolith microstructure has been studied only in
six specimens of the Antarctic Galiteuthis glacialis (Jackson and Lu, 1994). The
age, growth and life span of cranchiids are still unknown.
The cranchiid fauna in the Bering Sea consists of two species belonging to the
subfamily Taoninae: Galiteuthis phyllura Berry, 1911 and Belonella borealis Nesis,
1972. Squids of both species can grow to 600-700 mm mantle length (ML) or more
(Nesis, 1987). Juveniles inhabit epipelagic and mesopelagic layers, whilst adults
descend down to deeper bathyal layers where spawning supposedly takes place
(Nesis, 1985).
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This report is the first attempt to estimate age and growth in juvenile planktonic
cranchiid squids by investigation of statolith growth increments.
Four specimens of B.borealis (ML ranging from 375 to 450 mm) and 13 speci-
mens of G.phyllura (ML ranging from 9 to 235 mm) were caught during two
research programmes for the gonatid squid, Berryteuthis magister (Gonatidae), in
the northwest Bering Sea. Sampling was carried out by the Russian Federal Insti-
tute of Marine Fisheries and Oceanography (VNIRO) aboard two Japanese traw-
lers, 'TENYU-MARU 57' and 'KAIYO-MARU 28', during June-October 1993
and June-November 1994. Sampling localities covered shelf edge and slope waters
off Siberia from Karaginsky Island to Navarin Cape (latitudes 58-62°N and longi-
tudes 163°E-179°W). Squids were captured using a bottom trawl with vertical
opening of 8 m, horizontal opening of 80 m and a mesh size in sac of 40 mm. Juven-
iles > 100 mm ML were captured near the bottom and in pelagic layers during
trawl lifting over a depth range of 340-450 m.
Three early juveniles of G.phyllura (ML 9-33 mm) were also captured by an
Isaacs-Kidd midwater trawl (175 cm depressor width) at depths of 140 and 280 m
in areas where water depth was > 400 m. These squids were caught alive and one of
them (ML 33 mm) was placed for 1 day (until death) in a small 31 aquarium which
was kept in a refrigerator, with water temperature close to that of seawater at the
depth of sampling (2-4°C).
Squids were identified using the key of Nesis (1987). Mantle length was mea-
sured to the nearest 1 mm, sex and maturity stage were assigned after Zuev et al.
(1985). Statoliths were removed and placed in 96% ethanol for several days, until
examination later on board ship. Terminology used is after Clarke (1978) and
Lipinski et al. (1991). Statoliths were measured and drawn using the 'Olympus'
B071 Zoom microscope (x 32 magnification).
For the investigation of statolith microstructure, one statolith from each pair
was attached concave side up onto a microscopic slide with Pro-texx mounting
medium and ground on wet lOOO-grit sandpaper. Statoliths of both species were
deeply concave in the region of the spur (Figure 1). Thus, grinding of the convex
side was made in two planes (Figure 1). The ground statolith was embedded in
Canada balsam and covered with a cover glass to protect it from dust. Growth
increments were examined under a Nikon 104 microscope (x 400 magnification)
and counted by two observers using the eye-piece micrometer (Arkhipkin, 1991)
from the nucleus to the edge of the dorsal dome. The total number of growth incre-
ments for each statolith was taken as the mean of two replicate counts if the devi-
ation between them was <5%.
The total statolith length of B.borealis varied from 1.72 to 1.85 mm, being 0.40-
0.44% ML. They are strongly concave in the midpart. The rostrum is short and
curved anteriorly (Figure 1).
Growth increments within the statoliths were discernible from the nucleus to the
statolith edge (Figure 2) and can be grouped into three distinct growth zones. The
nucleus is small and round, 25-28 fim in diameter. The colour of the nucleus is
slightly brownish in transmitted light. There are 22-32 (mean 25) regularly spaced
increments (4.1-5 u.m in width) in the translucent postnuclear zone (Figure 2). The
dark zone has the slightly brownish colour. The width of the growth increments
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Fig. 1. Statolith morphology of juvenile cranchuds B.borealis (ML 400 mm, A) and G.glacialis (ML
235 mm, B). R, rostrum; W, wing; LD, lateral dome; DD, dorsal dome. Scale bars = l mm. (A) 1,
anterior; 2, medial views. Planes of the first (a-a) and second (b-b and c-c) grinding of the lateral dome
and rostrum. (B) 1, anterior, 2, medial; 3, lateral views.
within the dark zone ranges from 4.1 to 6 (JLITI, with the total number ranging from
123 to 140. There are 4-5 irregularly located checks within the dark zone (Figure
2). The peripheral zone is translucent and has the narrowest growth increments
(3.1-3.6 ixm).
The total number of growth increments in the four B.borealis specimens studied
ranged from 277 to 294 (Figure 4).
Statoliths of G.phyllura resemble those of B.borealis, but are more dorso-
ventrally elongated (Figure 1). Therefore, their relative lengths are greater, rang-
ing from 1-1.11% ML in small specimens (9-33 mm ML) to 0.67-0.72% ML in
medium-size squid (135-235 mm ML).
In general, the statolith microstructure of G.phyllura is similar to that of
B.borealis (Figure 3) with a clear growth increment sequence. Galiteuthis phyllura
statoliths have a slightly oval nucleus with a maximum diameter of 30-35 p.m, a
somewhat larger number of growth increments from the nucleus to the first check
(34-38 increments) and an almost uniform maximum width of all growth incre-
ments (3.8-4.8 \im).
The statoliths of the G.phyllura juvenile which was kept in the aquarium for 1
day from capture had one well-defined check near the statolith edge and one trans-
lucent increment outside it.
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Fig. 2. Light photomicrographs of the statoliths of B.borealis (juvenile, ML 400 mm, A, C; juvenile,
ML440 mm, B, D). (A) General view, (B) nucleus (n) and postnuclear zone (pn); )C) dark zone (dz)
with check (ch); (D) peripheral zone (pz). Scale bars = 100 jun. Scale bar of (B) also applies to (C)
and (D).
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Fig. 3. Light photomicrographs of the statolith of C.phyllura (juvenile, ML 150 mm). (A) general view,
(B) nucleus (n) and postnuclear zone (pn): (C) dark zone (dz) with checks (ch); (D) peripheral zone
(pz) with checks (ch) near the statolith edge. Scale bars = 100 \im. Scale bar of (B) also applies to (C)
and (D).
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Fig. 4. Relationship between the number of growth increments within statoliths and mantle length of
B.borealis and G.glacialis.
The total number of growth increments ranged between 10 in the paralarva of
9 mm ML and 209 in a juvenile of 235 mm ML (Figure 4). The average daily growth
rate was 1.13 mm day1, and the relative daily growth rate in ML was 1.63% ML
day1.
Adult statoliths of both studied species had a typical teuthid structure: smooth
and well-developed dorsal and lateral dromes, rostrum and wing (Clarke, 1978).
Specific features of B.borealis and G.phyllura statoliths are the dorsal dome
bent in the midpart like a scoop and a short rostrum strongly curved anteriorly.
They are similar in shape to statoliths of the cranchiid Egea inermis
(Clarke, 1978).
The ground statoliths of both species had well-defined countable growth
increments.
The width and appearance of statolith growth increments of B.borealis and
G.phyllura resemble validated (daily) increments in Illex illecebrosus (Hurley et
ai, 1985), Alloteuthis subulata (Lipinski, 1986) and others (for a review, see Jack-
son and Choat, 1992). It is interesting that the statoliths of the G.phyllura specimen
which was kept alive for 1 day had a prominent check and then one translucent
ring. Thus, it is possible to consider the growth increments within G.phyllura stato-
liths as daily.
It is notable that all the specimens studied (including squids of maximum sizes
235 mm ML G.phyllura and 400 mm ML B.borealis) were juveniles aged 209 and
294 days respectively. The age of G.phyllura (235 mm ML—209 days) was
somewhat less than that of comparatively sized individuals of the Antarctic
G.glacialis (198 and 218 mm ML—214 and 254 days, respectively) (Jackson
and Lu, 1994). However, larger sample sizes are needed before further
comparisons can be made between these two polar species. Based on maximum
sizes of B.borealis and G.phyllura captured in epi- and mesopelagic waters
(400-500 mm; Nesis, 1985), both of these species appear to grow quickly (only in
length, not in weight) during the first 8-10 months of their juvenile phase in the
upper mesopelagic layers, and then migrate into deep bathyal waters for
maturation.
130
Statolith growth increments of planktonic squid
Acknowledgements
I am deeply grateful to my colleague Dr V.A.Bizikov for his generous help in
sampling, preparation of the figures and for discussions regarding the manuscript. I
thank Dr D.O. Alexeev and A.N.Golub for help in statolith sampling, and the fish-
ing masters, captains and crews of the Japanese trawlers, 'Tenyu Maru No. 57' and
'Kaiyo Maru No. 28', for their assistance while at sea. Dr G.D Jackson (University
of Western Australia) gave his advice and improved the English of the manuscript,
which is gratefully acknowledged. Comments of the two anonymous referees
helped to improve the manuscript.
References
Arkhipkin.A.I. (1990) Edad y crecimiento del calamar (lllex argeminus). Frente Mark., 6A, 25-35.
Arkhipkin.A.I. (1991) Methods for cephalopod age and growth studies with emphasis on statolith
ageing techniques. In Jereb.P., Ragonese,S. and von Boletzky,S. (eds). Squid Age Determination
Using Statoliths. N.T.R.-I.T.P.P. Special Publication, Mazara del Vallo, pp. 11-17.
Arkhipkin.A.I. and Murzov.S.A. (1990) Age and growth pattern of the micronektonic squid, Abra-
liopsis atlantica (Enoploteuthidae). Biol. Morya, 11,19-25.
Bigelow.K.A. (1992) Age and growth in paralarvae of the mesopelagic squid Abralia tngonura based
on daily growth increments in statoliths. Mar. Ecol. Prog. Ser., 82,31-40.
Clarke.M.R. (1978) The cephalopod statolith—an introduction to its form. / Mar Biol.Assoc. UK, 58,
701-712.
Clarke,M.R., Demon,EJ. and Gilpin-BrownJ.B. (1979) On the use of ammonium for buoyancy in
squids. J. Mar. Biol. Assoc. UK, 59, 259-276.
Dawe.E.G.. O'Dor.R.K., O'Dense.P.H. and Hurley.G V. (1985) Validation and application of an age-
ing technique for short-finned squid (lllex illecebrosus). J. Nonhw. All. Fish. Sci.,6, 107-116.
Hurley,G.V. and Beck.P. (1979) The observation of growth rings in statoliths from the ommastrephid
squid lllex illecebrosus. In Annual Meeting of the American Malacological Union, Corpus Christi.
TX, 5-11 August 1979, pp. 1-12.
Jackson.G.D. and ChoatJ.H. (1992) Growth in tropical cephalopods: an analysis based on statolith
microstructure. Can. J. Fish. Aquat. SCL, 49,218-228.
Jackson.G.D. and Lu.C.C. (1994) Statolith microstructure of seven species of Antarctic squid captured
in Prydz Bay, Antarctica. In Rodhouse.P.G., Piatkowski.U. and Lu.C.C. (eds), Southern Ocean
Cephalopods: Life Cycles and Populations. Antarct. ScL, 6,195-200.
Jereb,P., Ragonese,S. and von Boletzky,S. (eds) (1991) Squid Age Determination Using Statoliths.
N.T.R.-I.T.P.P. Special Publication, Mazara delVallo.
Lipinski.M. (1978) The age of squid, lllex illecebrosus (Le Sueur, 1821) from their statoliths. ICNAF
Res. Doc., No. 15, 1-14.
Lipinski,M.R. (1986) Methods for the validation of squid age from statoliths./ Mar. Biol Assoc. UK,
66,505-526.
Lipinski.M.R., Dawe,E. and Natsukari,Y. (1991) Introduction. In Jereb.P., Ragonese.S. and von
Boletzky.S. (eds), Squid Age Determination Using Statoliths. N.T.R.-I.T.P.P. Special Publication,
Mazara del Vallo, pp. 77-81.
Natsukari,Y., Nakanose,T. and Oda.K. (1988) Age and growth of the loliginid squid, Photololigo edulis
(Hoyle, 1885)./ Exp. Mar. Biol. EcoL, 116,177-190.
Nesis.K.N. (1985) Oceanic Cephalopods: Distribution^ Living Forms, Evolution. Nauka Press, Moscow
(in Russian).
Nesis.K.N. (1987) Cephalopods of the World. T.F.H. Publ., Neptune City.
Nixonjvl. (1983) Teuthowenia megalops. In Boyle.P.B. (ed.), Cephalopod Life Cycles. Academic Press,
London, Vol. 1, pp. 233-250.
RodhouseJ'.G.K. and Hatfield.E.M.C. (1990) Dynamics on growth and maturation in the cephalopod
lllex argeminus de Castellanos, 1960 (Teuthoidea: Ommastrephidae). Phil. Trans. R. Soc. London
Ser, B 329,229-241.
SprattJ.D. (1978) Age and growth of the market squid, Lotigo opalescence Berry, in Monterey Bay.
Fish. Bull Dep. Fish Game Calif, 169, 35^4.
131
A.Arfchipkin
Villanueva.R. (1992) Imerannual growth differences in the oceanic squid Todarodes angolensis Adam
in the northern Benguela upwelling system, based on statolith growth increment analysis J Exp.
Mar. Biol. Ecol., 159. 157-177.
Voss.N.A. (1980) A revision of the Cranchiidae (Cephalopoda: Oegopsida). Bull. Mar 5c/.. 30.
365-412.
Zuev.G.V.. Nigmatullin.Ch.M. and Nikolsky.V.N. (1985) Nectomc Oceanic Squid. Agropromizdat.
Moscow (in Russian).
Received on May 16, 1995; accepted on August 15, 1995
132
